Two trials were conducted to determine the influence of realimentation diet energy, protein, B-vitamin (BV) and Lactobacillus acidophilus (LAC) content on recovery of rumen activity and feed consumption in beef steers. In trial 1, ruminal-fistulated steers were fasted and refed 1) prairie hay, 2) 10% protein (LCP), 3) 12.5% protein (MCP), 4) LCP + BV or 5) LCP + LAC. In trial 2, calves were fasted and refed 1) 60% cottonseed hulls-40% alfalfa dehy (high roughage)~ 2) LCP, 3) 15% protein (HCP), 4) LCP + BV or 5) LCP + LAC. Rumen fermentative capacity declined 74% (P<.05) during feed and water deprivation, but returned to control levels by d 7 of realimentation. On d 3 of realimentation, steers fed the LCP and MCP diets had molar proportions of ruminal butyrate in excess of 35%. Steers fed the hay, LAC and BV diets did not have a high butyrate fermentation. In trial 2, calves lost about 15% of their body weight during feed and water deprivation. Calves fed the high roughage diet appeared to return to prefast feed and energy intakes more slowly than steers fed the medium roughage diets. Results of this study indicate that rumen fermentative capacity is a factor limiting feed intake in fasted calves for 7 to 14 d after the reintroduction of feed and water.
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I ntroduction
The rumen is a sensitive ecosystem that can be disrupted by rapid dietary changes. During marketing, feeder calves encounter periods of feed and water deprivation and abrupt changes in diet. These changes can severely affect rumen fermentative activity, feed consumption and performance (Baldwin, 1967; Cole and Hutcheson, 1981) . Several weeks .may be required for the feed consumption of fasted steers to return to prefast levels (Bond et all., 1975; Cole and Hutcheson, 1981) .
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Received July 23, 1984 . Accepted April 18, 1985 consumption and rumen activity (Baldwin, 1967; Bond et al., 1975; Cole and Hutcheson, 1981) . Feeding diets that more rapidly restore normal feed consumption and water and nutrient balance could result in improved animal health and performance. Several dietary factors can influence feed consumption, performance and health of stressed feeder calves, including energy level (Lofgreen et al., 1975; Lofgreen et al., 1980) , potassium concentration (Hutcheson et al., 1984) , protein concentration (Cole and Hutcheson, 1982) , B-vitamin (BV) supplementation (Overfield and Hatfield, 1976) and living cultures of Lactobacillus acidophilus (LAC) s (Hutcheson et al., 1980) . This study was conducted to determine the effects of realimentation diet protein concentration, energy content, BV supplementation and LAC on rumen activity, feed consumption and blood chemistry of beef steers deprived of feed and water in a pattern similar to that encountered by feeder calves during the normal marketing and transport processes.
Materials and Methods
Trial i. Eighteen mixed breed steers (avg 327 kg) with permanent rumen fistula were limit-fed (4.5 kg/head) a diet of long stem, mature, prairie hay (table 1) bDetermined by analysis. CME = metabolizable energy calculated from tables (NRC, 1984) .
tion period. Steers were randomly allotted to six groups of three steers each. Steers in five groups were deprived of feed and water for 24 h, limit-fed hay for 24 h, deprived for 48 h and then limit-fed (4.5 kg/head) one of five diets daily for 2 wk (realimentation period). Steers in the control group were fed 4.5 kg of prairie hay daily and had continuous access to water throughout the experiment. Water was provided ad libitum whenever feed was available. The five diets fed during realimentation ( Rumen samples were collected between 1000 and 1100 h at the start of the deprivation period, at the end of the deprivation period and on d 3, 7 and 14 of the realimentation period. Rumen fluid was immediately strained through two layers of cheesecloth and pH of the filtrate measured. Rumen fermentative capacity was determined by 2 h in vitro gas production using an excess of ground substrate (Cole and Hutcheson, 1981) . Twenty milliliters of strained rumen fluid was added to a prewarmed 30-ml glass bottle containing .5 g of substrate (LCP diet). The bottle was flushed with N, stoppered and placed in a 36 C water bath. The bottle was connected to a horizontal, 10-ml glass syringe via catheter tubing. The barrel of the syringe was dipped in soapy water then inserted into the syringe. Total gas production was measured for a 2-h period. Rumen fluid buffering capacity was calculated as the meq of 2 N HC1 required to reduce the pH of 10 ml of strained rumen fluid from 6 to 4. The remaining rumen fluid was acidified and frozen until analyzed for volatile fatty acids (VFA) by gas chromatography 6 (Erwin et al., 1961) and for ammonia-nitrogen by an ion-selective electrode 7 (Phillips, 1983 (Snedecor and Cochran, 1967) .
Trial 2. Sixty mixed-breed feeder calves (275 -+ 33 kg) were randomly assigned to six pens (10 calves/pen) equipped with electronic, individual feed-monitoring units s. Steers were allowed to consume ad libitum a diet consisting of 60% cottonseed hulls and 40% dehydrated alfalfa pellets (high roughage diet) with salt and rock phosphate provided ad libitum for a 2-wk adaptation period. Calves in five pens were then deprived and refed as in trial 1. Calves in the remaining pen were fed the high roughage diet throughout the experiment (control). During the realimentation period, calves were allowed to consume ad libitum one of five diets (table 1). The diets fed were: 1) high roughage, 2) LCP, 3) a 15% crude protein medium roughage diet (HCP), 4) BV diet and 5) LAC diet. Due to a malfunction in one electronic feeding unit, a seventh group of calves fed the MCP diet was omitted from the trial. Calves were individually weighed immediately before the start of the deprivation period, at the end of the deprivation period and on d 1, 3, 8 and 14 of the realimentation period. Blood samples were taken by jugular venapuncture at each weighing, except on d 14. Blood (2 ml) was collected in tubes containing lithium oxalate for whole blood determinations and 25 ml was collected in tubes with no anticoagulant, allowed to clot and centrifuged for serum determinations. Feed consumption of individual calves was recorded at 24-h intervals throughout the trial.
Packed cell volume (PCV) was determined using microhematocrit tubes. Hemoglobin (Sheard and Sanford, 1929) , urea-nitrogen (Marsh et al., 1965) , total protein (Gornal et al., 1949) , albumin (Beng and KeeLeong, 1973) , creatinine (Owen et al., 1954) and cholesterol (Henry, 1974) were determined colorometrically. Blood K was determined by flame photometry 9 .
SPinpointer 4000, UIS Corp., Cookeville, TN 38501.
9Coleman Model 21 Flame Photometer, Maywood, IL.
Calf weight changes and feed consumption were analyzed by analysis of variance as a completely randomized experiment. Blood and serum data were analyzed within sample days by analysis of variance. Treatment means were compared by Newman-Keuls sequential range test if a significant F-test occurred (Snedecor and Cochran, 1967) .
Results and Discussion
Trial i. Compared with control steers, tureen fluid ammonia-nitrogen concentrations (table 2) were not significantly affected by either feed and water deprivation, realimentation, or diet fed (mean 14.6 +-8 mg/lO0 ml). This is in contrast to previous studies in which rumen ammonia-nitrogen levels were very low following a 32-h deprivation period (Galyean et al., 1981) or low during the first 3 d of realimentation (Cole and Hutcheson, 1981) . In agreement with previous studies (Bond et al., 1975; Cole and Hutcheson, 1981; Galyean et al., 1981) , rumen pH was higher (P<.05) in deprived steers than control steers at the end of deprivation but returned to control levels by d 3 of realimentation. Rumen fluid buffering capacity was not significantly affected by feed and water deprivation. Realimentation diet had a significant effect on buffering capacity on d 3. Steers fed the LAC diet had higher (P<.05) buffering capacity than steers fed the LCP and MCP diets, with steers fed the hay and BV diets being intermediate.
Rumen fermentative capacity (ml gas produced/2 h) of deprived steers was decreased 74% (P<.01) during the deprivation period (table 2) compared with control steers. This decline is similar to previous reports (Quin et al., 1951; Baldwin, 1967; Cole and Hutcheson, 1981) . On d 3 of realimentation, steers fed the hay and BV diets had the lowest (P<.05) rumen fermentative capacity. By d 7 ofrealimentation, all treatment groups had rumen fermentative capacities equal to or higher than the control steers, with steers fed the LCP diet having the highest (P<.05) rumen fermentative capacity. Previous studies (Quin et al., 1951; Meiske et al., 1958; Baldwin, 1967) suggest that less than 4 d are required to reattain prefast rumen fermentative capacity. Results of this study indicate that 3 to 7 d are required for fermentative capacity to return to relatively stable levels.
Rumen fluid VFA concentrations and molar proportions are presented in table 3. In contrast acontrol = not fasted; Hay = refed hay; LCP = low protein; MCP = medium protein; BV --B-vitamin; LAC = Lactobacillus acidophilus; SE = standard error. bRFC = rumen fermentative capacity--ml of gas produced in 2 h; BC = buffering capaeity-meq of HCI to lower pH from 6 to 4.
CDays after reintroduction of feed and water.
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to previous studies (Rumsey, 1978; Cole and Hutcheson, 1981; Galyean, 1981) , total rumen VFA concentrations did not decline significantly during deprivation. This may be a result of a very slow rumen fermentation rate and rumen solids turnover rate due to the poor quality of the hay fed during the adaptation period. Realimentation diet had a significant effect on rurninal VFA concentrations on d 3 and 14 but not on d 7. In general, steers fed the hay diet had lower (P<.05) total VFA concentrations than steers fed the other diets. Addition of LAC to the LCP diet resulted in increased (P<.05) total rumen VFA concentration. Increasing dietary protein or BV concentrations did not significantly affect rurninal total VFA concentrations compared with steers fed the LCP diet. Rurninal acetate molar proportions were not affected by feed and water deprivation. During realirnentation, steers fed the hay diet had higher (P<.05) molar proportions of acetate than steers fed the medium roughage diets. On d 3 of realirnentation, steers fed the LCP and MCP diets had lower (P<.05) acetate than steers fed the BV and LAC diets. Propionate (table 3) was not affected by deprivation, but during realimentation, steers fed the medium roughage diets tended to have higher propionate than steers fed the hay diet.
On d 3 of realimentation, steers fed the LCP and MCP diets had higher (P<.05) ruminal butyrate molar proportions than the other treatment groups, with the proportions being abnormally high. High C > 25%) butyrate molar proportions have been reported in fasted steers refed a 40% concentrate diet (Cole and Hutcheson, 1981) , but normal butyrate molar proportions were noted when fasted steers were refed a hay diet (Cole and Hutcheson, 1981; Galyean et al., 1981) . Eadie et al. (1970) reported that an increase in the ruminal protozoal population caused by a reduced tureen turnover resulted in a high butyrate fermentation. They postulated that the high butyrate production was due directly to starch fermentation by some protozoa. Feeding a high roughage realimentation diet could both increase rumen liquid turnover rate (Goetsh and Galyean, 1982) and reduce the amount of starch available for fermentation, thus preventing the high butyrate fermentation. This would explain why high proportions of butyrate have not been noted in steers refed a high roughage diet (Cole and Hutcheson, 1981; Galyean et al., 1981) . Supplementing the LCP diet with BV or LAC appeared to either prevent or alter the time of the high butyrate ferrnenta- CDays after reintroduction of feed and water.
d'e'f'gMeans for individual measurements within a time/treatment combination that do not have a common superscript differ (P<.05).
tion. Whether a high butyrate ruminal fermentation adversely affects the calf is not clear. Baile (1971) , however, demonstrated that intrajugular infusions of butyrate severely depressed feed intake in sheep. Although butyrate is normally present in ruminant blood at low levels when ruminal butyrate levels are markedly elevated, such as in this trial, blood butyrate levels can be increased appreciably (Cook and Miller, 1965) .
On d 3 of realimentation, the ruminal valerate + isovalerate molar proportions were higher (P<.05) in steers fed the LCP and MCP diets than in the remaining treatment groups, with the LCP-fed steers having unusually high values. It is established that these VFA are intermediates in the synthesis (Saur et al., 1975) and catabolism (Massey et al., 1976 ) of proline and leucine, although it is also plausible that de novo synthesis of valerate may occur from propionate and acetate (Sharp, 1977) . Such de novo synthesis could partially account for the high valerate + isovalerate and low acetate and propionate molar proportions noted on d 3 in steers fed the LCP and MCP diets.
Trial 2. Calves lost an average of 40 kg (15% of body wt) during the deprivation period in trial 2. About 6 d were required for calves to return to their initial weight. Postfast weight changes were not significantly affected by realimentation diet; however, calves fed the LCP diet tended to gain less weight (P<.10) than calves fed the remaining medium roughage diets (8.3 vs 12.5 kg from prefast wt, respectively) during the realimentation period.
Fasted calves refed the high roughage diet required over 8 d to obtain dry matter and metabolizable energy intakes equal to control calves (table 4). Calves fed the medium roughage diets had dry matter intakes similar to controls between d 4 and 8. However, calves fed the medium roughage diets had metabolizable energy intakes similar to or greater than controls on the first day of realimentation. This is in contrast to an earlier study in which calves fed alfalfa regained dry matter intakes more rapidly than calves fed a 40% concentrate diet (Cole and Hutcheson, 1981) . In that study, however, steers were fed the same diet before and after the deprivation period. Over the 14-d refeeding period, dry matter intakes were similar for all treatment groups; however, calves fed the medium roughage diets had greater (P<.05) metabolizable energy intakes than controls and calves refed the high roughage diet.
At the end of the deprivation period, fasted calves had higher (P<.05) PCV and hemoglobin than control calves, indicating that appreciable dehydration occurred during the deprivation period (table 5) . Neither PCV or hemoglobin were affected by realimentation diet or previous deprivation on d 1 and 3. On d 8 of realimentation, however, calves fed the medium roughage diets had lower (P<.05) PCV than calves refed the high roughage diet. At the end of the deprivation period, blood K was similar for control and fasted calves (table 5) . When the blood K values were corrected for PCV, fasted calves had lower (P<.05) values than control calves. Serum cholesterol increased (P<.05) during deprivation; however, when corrected for PCV, the difference was not statistically significant (table 5) . Studies with mature cattle have reported that serum cholesterol declined (Saarinen and Shaw, 1950) or was not affected (Dimarco et al., 1981; Galyean et al., 1981) by feed deprivation. These inconsistent changes in serum cholesterol during fasting could be due to differences in animal age, extent of dehydration, length of sampling period (Dimarco et al., 1981) , or the level of energy intake before the fasting period . In general, as metabolizable energy intake increased across sampling times, serum cholesterol tended to decline. Bide et al. (1973) reported a decline in serum cholesterol for 2 to 3 wk after initiation of concentrate feeding. These changes, therefore, could be a result of rapid diet changes, which cause a disequilibrium between serum and tissue cholesterol.
Serum urea-nitrogen (table 6) After marketing and transit stress, feeder calves normally have low (< 2% of body weight) feed intakes for 1 to 2 wk (Cole et al., 1979; Lofgreen et al., 1980) . A similar feed intake pattern is sometimes observed in calves deprived of feed and water (Bond et al., 1975; Cole and Hutcheson, 1981) , suggesting that reduced rumen function is a partial cause of the low feed intakes noted in stressed feeder calves. Transport stress may increase rate of passage, thus magnifying the effects of feed and water deprivation .
When fasted calves are fed a medium or high energy diet, rumen fermentative capacity could control feed intake by altering the synthesis of metabolites that affect feed intake. When fasted Time calves are fed a high roughage diet, rumen fermentative capacity could control feed intake by its effect on the rate of fermentation, rate of passage and gut fill. Studying the effects of rumen fermentation on feed intake is difficult because differences in feed intake can affect rumen fermentative capacity (N. A. Cole, unpublished data). However, some conclusions can be obtained by comparing the feed intake of calves fed ad libitum with the rumen fermen tative capacity of similar steers limit-fed similar diets. Illustrated in figure 1 are the rumen fermentative capacities determined at the start of d 1, 3, 7 and 14 of realimentation in trial 1 and the dry matter intakes on d 1 to 2, 3 to 4, 7 to 8 and 14 to 15 in trial 2. Control steers had relatively stable rumen fermentative capacity in trial 1 anddry matter intakes in trial 2. Rumen fermentative capacity values for control steers in trial 1 may be considered optimum for the hay diet at an intake of 4.5 kg/head. Similarly, the dry matter intakes of control steers in trial 2 may be considered the near-maximum intake of the high roughage diet under the conditions of this experiment. In trial 1, fasted steers refed the hay diet obtained optimum rumen fermentative capacities between d 7 and 14 of realimentation. In trial 2, fasted steers refed the high roughage diet obtained near-maximum dry matter intakes between d 7 and 14 of realimentation. Realizing that dry matter intakes were different between trials, the similarity in the times in which optimum rumen fermentative capacities and dry matter intakes were achieved suggests that there is a possible relationship between tureen fermentative capacity and dry matter intake in fasted steers refed a high fiber realimentation diet. A similar relationship " between tureen fermentative capacity and dry matter intakes was not seen in steersrefed the medium roughage diets. In trial 2, dry matter intakes of calves fed the medium roughage diets declined slightly between d 1 to 2 and 3 to 4, while in trial 1, rumen fermentative capacity increased markedly. From this study, it is not possible to determine if an abnormally high ruminal butyrate concentration such as that noted in trial 1 on d 3 was responsible for the lowered feed intakes on d 3 to 4 in trial 2. These possible relationships between rumen fermentative capacity, rumen butyrate concentrations and realimentation dry matter intakes noted in these trials are only suggestive. Further studies are required to ascertain how these or other factors control feed intake in the fastekt and(or) stressed ~alf.
Results of these studies indicate that fasted steers refed a medium roughage diet will attain higher energy intakes and rehydrate more rapidly than steers refed a high roughage diet. Refeeding a medium roughage diet may cause an abnormal tureen fermentation that results in high concentrations of butyrate in the rumen. Supplementing the diet with BV or LAC may alleviate the high butyrate fermentation, but will not significantly increase feed intake. 
